Abstract: Murine double minute-2 (MDM2) is a negative regulator of P53, and its T309G polymorphism has been suggested as a risk factor for a variety of cancers. Increasing evidence has shown the association of MDM2 T309G polymorphism with head and neck carcinoma (HNC) risk. However, the results are inconsistent. Thus, we performed a metaanalysis to elucidate the association.
INTRODUCTION
H ead and neck carcinoma (HNC) is the sixth most frequent type of malignant tumor worldwide; HNC is a group of biologically similar cancers that originate in the head and neck regions, such as oral cavity, pharyngeal cavity, and larynx. 1 Nevertheless, the underlying mechanisms of this tumor are unclear. The possible etiological risk factors of HNC include smoking, drinking, 2 papilloma virus infection, 3 and betel quid chewing, 4 as well as exposure to toxic substances. 5 However, only a small proportion of the people exposed to these external factors eventually develop HNC, thus indicating that internal factors, such as gene variation, may play a role in its susceptibility.
Previous published meta-analyses assessed the association of several gene variations with HNC risk. Polymorphisms of MTHFR C677T, 6 EPHX1 Tyr113His, 7 and CYP1B1 Leu432-Val 8 have been suggested to increase HNC risk. However, a positive association of CCND1 G870A, 9 XRCC1 Arg399Gln, 10 and XPD Lys751Gln 11 with HNC susceptibility was not indicated. Thus, the functions of different gene polymorphisms for HNC risk may differ because of their exact mechanisms.
P53 is an established tumor suppressor that is mutated in a variety of cancers. 12 Murine double minute-2 (MDM2) is an important gene and a key negative regulator of P53; this gene is overexpressed in diverse cancer types, 13 including HNC.
14 MDM2 can interact and suppress P53, leading to P53 degradation through the ubiquitination pathway 15 ; thus, MDM2 is speculated to be a potential target for cancer therapy. 16 A MDM2 single nucleotide polymorphism (SNP) at the 309th nucleotide in the first intron (rs2279744), with a T to G change, may increase the affinity for stimulatory protein 1 binding and MDM2 expression, and subsequently activate the P53 pathway. 17 The elevated MDM2 protein expression may mediate the ubiquitylation and proteasomal degradation of p53, and the ability of damaged cells is enhanced as a result to escape the cell-cycle checkpoint. 18 Therefore, the neoplastic transformation of normal cells may be initiated.
An increasing number of studies have been conducted on the association of MDM2 T309G polymorphism with HNC risk. In 2011 19 and 2012, 20 2 published meta-analyses focused on this association. Nevertheless, their results were inconsistent and conflicting. The meta-analysis of 7 studies published in 2011 showed that MDM2 SNP309 G allele probably functions as an HNC protective factor for Caucasians rather than Asians. 19 The meta-analysis of 9 studies published in 2012 suggested that MDM2 SNP309 variation may not be a risk factor for HNC; however, increased risk was found in nasopharyngeal cancer when subgroup analysis was performed. 20 Given these findings, this study performed an updated meta-analysis that included the most recent published data up to August 2015 to obtain a more precise estimate of the association.
MATERIALS AND METHODS

Literature Search Strategy
Medline, EMBASE, and Chinese National Knowledge Infrastructure without a language limitation were searched for publications published up to August 2015.
Combinations of the following keywords were used in the search: murine double minute-2 (MDM2), mouth, larynx, pharynx, nasopharynx, head and neck, neoplasm, tumor, cancer, variation, and polymorphism. All relevant studies were retrieved, and the bibliographies were checked for other possible publications.
Ethical approval or patient consent was not needed because this is a meta-analysis in which all data were extracted from published literature.
Inclusion Criteria
The following criteria were used for literature selection: a study on the association of MDM2 T309G polymorphism with HNC risk; case-control or cohort design; and available data on sample size, odds ratios (ORs), and 95% confidence intervals (CIs), as well as genetic distribution or information that readers can infer the results. Accordingly, studies with the following characteristics were excluded: different study design; unavailability of significant information for data collection and analysis; and reviews or duplicate publications. After systematic search and selection, we reviewed all papers in accordance with the criteria mentioned above for further analysis.
Data Extraction
Eligible publications were independently reviewed by 2 authors according to the inclusion criteria. Necessary information was extracted into a database. For any discrepancies, a discussion was made to reach an agreement. During this process, if a conflicting evaluation still existed, another author was consulted to resolve the dispute, and then a final decision was made by the majority of the votes.
Statistical Analysis
The ORs of the association between MDM2 T309G polymorphism and HNC risk were calculated for the included studies. Three genetic models were used for pooling the ORs, namely, a homozygote comparison model (GG vs TT), a dominant model (GG þ GT vs TT), and a recessive model (GG vs GT þ TT), respectively. The OR and its 95% CI for each study were plotted against the number of participants in order to detect any possible sample size bias. The between-study heterogeneity was estimated by a Chi-square based Q statistic test. A P-value of the Q test less than 0.1 was considered the existence of heterogeneity. In this situation, a random-effect model (DerSimonian and Laird) 21 was selected for data pooling. Conversely, a fixed-effect model (Mantel and Haenszel) 22 was used if the P-value was more than 0.1. The statistical significance of overall effect size estimate was assessed by a Z test. The Hardy-Weinberg equilibrium (HWE) of the controls was evaluated by Fisher exact test. To assess the potential influences of the publication bias on the results, funnel plots were generated. 23 An asymmetrical plot usually indicates the existence of the publication bias. Egger linear regression test 24 was performed to evaluate the symmetry of the plot. All statistical analysis was carried out by using the STATA 11.0 software (Stata Corporation, College Station, TX). A P of less than 0.05 was considered statistically significant, except where otherwise specified.
RESULTS
Study Characteristics
Publications were retrieved and screened on the basis of the criteria. As shown in Figure 1 , 298 publications were identified, of which 270 irrelevant papers were initially excluded. Afterward, 3 review articles 19, 20, 25 and 2 studies 26, 27 that focused on other genetic variations rather than SNP309 polymorphism were discarded. Five noncase-control studies [28] [29] [30] [31] and 2 studies with insufficient data 32, 33 were further excluded. Consequently, 16 studies were selected for data extraction and assessment. [34] [35] [36] [37] [38] [39] [40] [41] [42] [43] [44] [45] [46] [47] [48] [49] All of the selected papers were written in English. We established a database according to the extracted information from each study. The necessary information is listed in Table 1 , which contains the first author and the number and characteristics of cases and controls for each study as well as other necessary data. The selected studies included 6 groups of Caucasians, 34, [42] [43] [44] 46 ,49 8 groups of Asians, [35] [36] [37] [38] [39] [40] [41] 48 and 2 groups of mixed populations. 45, 47 Table 2 presents the distributions of MDM2 T309G genotype and the genotyping methods of the selected studies. The genetic distributions of the control groups in all studies were in accordance with HWE except for 2 studies. 35, 40 Notably, the distributions of GG and GT were combined as GG þ GT in the study of Wang et al 46 ; therefore, the relevant data were included only in the dominant model assessment.
Meta-Analysis Results
The main results of the meta-analysis are shown in Table 3 . Random-effect models were used because an evident heterogeneity was observed in the 3 genetic models. The pooled data based on 4625 cases and 6927 controls in a homozygote comparison (OR ¼ 1.08; 95% CI ¼ 0.81-1.44), and dominant (OR ¼ 0.85; 95% CI ¼ 0.63-1.15) and recessive (OR ¼ 1.20; 95% CI ¼ 0.97-1.48) genetic models failed to demonstrate a marked association of MDM2 T309G polymorphism with HNC risk, indicating that this polymorphism may not confer susceptibility to HNC (Figure 2) .
To address the possible effects of confounding factors on the overall results, we conducted subgroup analyses. When data were divided by ethnicity in the subgroup analyses, no associations were observed among Asians, Caucasians, and mixed 
Sensitivity Analysis and Bias Diagnostics
To determine the stability of the results, we conducted sensitivity analysis. We repeated the analysis by removing the studies whose genetic distributions in controls were not in line with HWE and found that the results were not overturned. Oneway sensitivity analysis 50 was then selected to evaluate the robustness of the data by omitting any single study each time in the repeated analyses. The results also supported the notion that the overall data were stable. Afterward, funnel plots were created to evaluate possible publication bias. The plots appeared to be visually symmetrical, and the symmetries were further confirmed by the Egger linear regression tests (Figure 3) , in which the P values were more than 0.05 and all the 95% CIs of the regression curves included the origins (homozygote comparison: t ¼ À 0.79, P ¼ 0.443; dominant model: t ¼ 0.81, P ¼ 0.431; recessive model: t ¼ À 0.91, P ¼ 0.381), indicating that results are not easily affected by publication bias.
DISCUSSION
We performed an updated meta-analysis that assessed the association of MDM2 T309G with HNC risk. The results showed that GG alleles may increase HNC risk. Subgroup analyses revealed that G allele may increase nasopharyngeal carcinoma risk.
The sample sizes of the present study were markedly higher (5190 cases and 7352 controls) than those of previous published meta-analyses performed in 2011 (1629 cases and 2472 controls) 19 and 2012 (2755 cases and 4121 controls). 20 The data of the present meta-analysis may be more convincing because of the much larger number of included studies and involved participants. Moreover, more confounding factors were considered in the present meta-analysis, and the sensitivity analysis as well as the publication bias tests indicated the robustness of the results. In a more recent meta-analysis of nasopharyngeal carcinoma published in 2015 by Yang et al, 51 their results showed that MDM2 T309G polymorphism may not be associated with nasopharyngeal cancer risk. However, Yang et al 51 included an unpublished academic dissertation that had not been peer-reviewed by an open-published journal. An important study on nasopharyngeal carcinoma by Zhou et al 35 was also missed. Hence, the data in the present meta-analysis may increase power to obtain a more precise estimate of the association.
In the subgroup analysis of sample sizes, increased cancer risk was observed in the group (>1000) under a recessive model. This finding indicates the function of G allele in increasing cancer susceptibility. The data in this group (>1000) may be more credible than the other groups (<500 or 500-1000) because larger sample size may help statistically increase power for obtaining a precise estimate. Interestingly, the increased risk was also found in nasopharyngeal cancer but not in other cancers when the data were stratified by cancer types. This discrepancy may be attributed to several reasons. First, variant G allele of MDM2 SNP309 is associated with HWE ¼ Hardy-Weinberg equilibrium, MALDI-TOF ¼ matrix-assisted laser desorption/ionization-time of flight mass spectrometry, PCR ¼ polymerase chain reaction, PCR-RFLP ¼ polymerase chain reaction -restriction fragment length polymorphism, PIRA ¼ primer-introduced restriction analysis, RT ¼ reverse transcription.
Ã GG þ GT. 52 Second, unlike other types of cancer, such as oral cancer and laryngeal cancer, most of the nasopharyngeal cancer cases are poorly differentiated instead of well-differentiated. MDM2 expression has a relationship with advanced T stages and poor cancer differentiation, 53 especially with cancer tissues with increased cellularity and atypia. 54 Compared with other cancer types, MDM2 appears to be highly expressed in nasopharyngeal cancers with poor differentiation. 55 Third, a great proportion of nasopharyngeal cancer cases correlate with Epstein-Barr virus (EBV) infection; MDM2 expression may interact with EBV, and cancer genesis and development are promoted as a result. For instance, EBV encodes EBNA-5 protein, and MDM2 serves as a connection that facilitates the formation of the trimolecular protein EBNA-5-MDM2-P53. Thus, EBNA-5 inhibits P53 polyubiquitination in a concentration-dependent manner and expediently impairs P53 activity. 56 Moreover, MDM2 is capable of self-ubiquitination, and it is often degraded by ubiquitin proteasome to maintain the upregulation and downregulation balance of its levels in cells. MDM2 may be augmented by EBV-encoded latent membrane protein 1 and accumulated as ubiquitinated species in cells. 57 In addition, EBV may help MDM2 to become resistant to its antagonist. 58 The above points may help clarify the reasons why the G allele of MDM2 SNP309 may increase nasopharyngeal carcinoma susceptibility.
Notably, several limitations may be considered for the interpretation of results. First, only studies on Caucasians, Asians, and mixed populations were involved in the present analysis, although the race origin barely affected the overall results. Data on other ethnicities must be evaluated to determine the potential effects of ethnic variation on HNC susceptibility. Second, given that hospital-based (HB) controls were used in several selected studies, nondifferential misclassification bias may inevitably exist. This bias may exist because the individuals may not be a full representative of the whole population. Moreover, the controls in several studies were not well-matched to the cases. However, the subgroup analysis on this subject did not statistically show any difference from the overall result. Third, several important confounding factors, such as age, gender, smoking, drinking, and HPV infection, were not considered for subgroup analyses because relevant information was insufficient in the primary reports. Few included studies reported detailed data about the interaction between MDM2 polymorphism and P53 mutational status, which is an important factor for cancer risk. Thus, subgroup analysis on this subject could not be assessed, and future studies with large sample sizes and more confounding factors are needed to elucidate the association.
In summary, the data in the present meta-analysis indicated that homozygote GG alleles of MDM2 T309G polymorphism may be a risk factor for HNC, and G allele may confer the susceptibility to nasopharyngeal carcinoma. Further investigations are necessary to obtain more precise results.
